Abstracr-A simple analytical formula derived from Wu's exact solution for the transient response of an infiiite cylindrical antenna is found to be extremely accurate. Existing results from other numerical schemes are also compared to Wu's solution and found to be in good agreement.
I. INTRODUCTION Wu [ l ] , [2] and Brundell [3] independently provided an exact solution of the transient response of an infinite cylindrical antenna by a Fourier transform technique. This result was rederived by Morgan [4] , and by Lee and Latham [5] by different procedures of the contour integration. This result is quite useful for providing checks on the numerous numerical schemes. Unfortunately, these important checks have never been done in the past. Therefore, the first objective of this communication is to provide accuracy checks on existing numerical results obtained by typical time-domain schemes [6] , [7] .
The second objective here is to show that, although the exact solution is in terms of a complicated one-dimensional integral, a simple analytical formula can be derived that describes the overall waveform.
TRANSIENT SOLUTION
The transient current of an infinite cylindrical antenna in free space driven at the delta gap by a unit step voltage is [ 11 , [2] dC?F=F 7 = a to = free space impedance.
Note that the transient antenna current is only a function of T. The physical interpretation of 7 is the ratio of the transversewavefront-to-wire distance to the wire radius (see Fig. 1 ).
An
analogy to the coaxial line solution but with expandin, = outer radius can be drawn. Of course, (1) describes only the exterior current. The interior current unique to a tubular antenna is not discussed here. Since (1) is not a convenient form of numerical integration, Wu [l] derived forthat purpose an alternate formula:
In using either (1) or (3) for numerical integration, it is important to observe that the contribution near t = 0 to the integral is quite significant and requires a separate analytical treatment. The curve labeled as Wu's in Fig. 2 was produced by numerical integration of form (3) with essentially the same result obtained from (1) . The numerical accuracy of these calculations is discus- sed below. In that figure the driving point current for a step voltage excitation is given in units of milliamps. The other two curves were obtained by numerical zoning of the time-domain integral equation [6] , [7] . These two curves are from the early-time response at the driving point of a center-driven finite cylindrical antenna of length 2L with L fa = 74.2 and L fc = 1.67 ns. As can be seen from Fig. 2 , the agreement is quite good except for the very early time.
III. ASYMPTOTIC EVALUATION OF (1) FOR LARGE 7
In this section, the main result, (7), is obtained. Although a detailed derivation is not given, the reader should note that (7 (6) is obtained from Gradshteyn ef al. [9] .
Use of (6) in (5) (1) and (3) were numerically integrated. An analytical approximation was made to both integrals by taking the limit as { -+ 0. The remaining integrals (0;) were then computed piecewise over adjoining finite limits. Each piece was integrated using an adaptive order 40 Gaussian quadrature with a required relative error convergence criterion of IO-'. Although the rate of convergence of (1) is a function of 7, at least three decimal place accuracy was achieved for T values in Table I . Equation (3) was computed to within +IO-' accuracy for the same 7 values.
The agreement of these formulas with the numerical integration is shown in Fig. 3 . In that figure, (7) is represented by the dashed line, (8) is represented by the dotted line, and the numerical integration (Wu's) is illustrated by the solid line. A tabulated comparison for selected values of 7 is given in Table I . Equation (7) is found to be quite accurate even for T = 1, at which the discrepancy is only about 7 percent.
Since the current response can be expressed in a very simple formula, (7), it is instructive to examine the2urrounding fields. To do this we write the 6-component of B around the wire PI I PI :
(9) (1) Equation (9) can be evaluated in the same manner. The resulting approximation is with J given by (7).
To obtain a complete solution for Be, E,, and Ep the uniform asymptotic expansions of the relevant integrals such as (9) for p/a and would be needed. However, this task is not pursued here.
IV. TIME HARMONIC FORMULA
Finally, in order to show that (7) gives rise to the known existing formula in the time harmonic case [2] , [ 8 ] , consider the Fourier transformation of (7):
. , i w t dt .
( 1 1) Let T~ = c t -z, and q1 = -h l , then (1 1) can be reduced to
For large w/c, since the contribution to (1 1) comes mostly from t -0, the following approximation is used in arriving at (12): c t + z = 2 z + i q 1 -2 z .
Equation (12) is approximated in the same way as (5). Here the averaging required is TRANSACTIONS ON ANTENNAS AND PROPAGATION, VOL. AP-31, NO. 1 (1 4) This agrees with that given in the literature [lo] except for the extra factor l/(-iu). The difference here is the use of excitations: delta function versus unit step function.
V. CONCLUSION
Wu's exact solution for transient response of an infinite cylindrical antenna is compared to results from approximate numerican techniques in Fig. 1 and is found to be in good agreement. The exact solution is asymptotically evaluated to give an extremely simple and amazingly accurate formula. Comparison of this formula and the numerical result is given in Fig. 2 
I. INTRODUCTION
The propagation and the excitation of electromagnetic waves on long cables parallel to an interface between two homogeneous half-spaces has been the subject of a number of recent works [ 1 ] - [7] . However, in the discussions of an infinite wire in the air, only the bare wire case seems to have been treated exactly [4], [5] . In the present work we calculate the current which is induced on an infinite coated wire above the ground by an incident plane wave. We employ the method developed by Wait [2] by which he has treated in detail the case of a buried insulated wire [3] , [7] .
FOFWULATION
We consider an infinitely long thin wire of radius rw and conductivity uw, located at a height h over the ground. The wire is
